Abstract. In order to suppress the mixed noise composed of salt & pepper noise and Gauss noise in a digital image, a filter algorithm for suppressing mixed noise based on grey relevance is proposed. The algorithm classifies the noise point in the center of the filtering window, calculates the correlation coefficient of non-pepper and salt noise points in window by using the grey relational degree, and performs the weighted operation to replace the salt & pepper noise point. For Gaussian noise point, the algorithm uses the mean of non-pepper and salt noise points in the filtering window to replace. The experiments results show that the algorithm can suppresses the mixed noise in images, and improves the sharpness of the image, which is better than traditional filtering algorithms.
Introduction
Noise will change the original pixel values in digital images, making the image feature is covered, which has great influence on the subsequent processing of image segmentation, tracking, information extraction and recognition. Therefore, suppressing image noise is an important prerequisite for image processing and analysis.
The traditional median filter and its improved algorithm [1] [2] can effectively suppress salt & pepper noise. Traditional mean filtering and its improved algorithm [3] [4] can effectively suppress the Gaussian noise in a image, but actual images often contain both two kinds of noise, so the filtering method should take into account the mixed noise, and should retain the edge and other details in a image as much as possible while denoising.
Gray system theory was founded in 1982 by Chinese scholar Deng Julong [5] . It is a new method used to study the problem of uncertainty of information and data, and has been widely used in all fields of social sciences and natural sciences, and achieved good results. In the field of image processing, gray theory has also been applied to image compression, image hiding and image filtering, and achieved good results. Based on gray relational theory combined with the median and mean filtering algorithms, we propose a filtering algorithm suppressed mixed noise. The algorithm can suppress the salt & pepper noise and the Gaussian noise mixed in a image perfectly, and has better protection for the edge details of the image and better visual effects.
Grey relevance theory.
Grey relevance analysis is one of the important concepts of grey system theory, and it mainly determines the degree of correlation between factors according to the internal relation and the similarity degree of development situation. The degree of relevance directly reflects the degree of influence of each factor in the system on the target value. The general steps of factor analysis using gray relational analysis are as follows:
1) Establishing the reference sequence and compared sequence. According to the purpose of evaluation, we determine the evaluation index system, collect the data of system evaluation, and establish the reference sequence as shown in (1) and the comparison sequence as shown in (2).
In Eq.1 and Eq.2, k is the number of indicators, and i is the number of evaluation objects. The reference sequence should be an ideal comparison standard, which can be used as the reference data column with the optimal value (or the worst value) of each index, and other reference values can be selected according to the evaluation purpose.
2) Performing dimensionless processing on each series. Data dimensionless is the main solution to the incomparability of data, and the commonly used dimensionless methods include means of mean, initial value and extreme value. Eq.3 adopts the mean method. The correlation coefficient of each index is weighted average by Eq.5, we can obtain the correlation degree of each evaluation object.
The proposed algorithm
Because the features of these pixels contaminated by salt & pepper noise and Gaussian noise are different, the uniform method cannot filter the noise well. The proposed algorithm filters the salt & pepper noise and Gaussian noise respectively. For the salt & pepper noise, the algorithm calculates the correlation coefficient by Carrying on the weighting operation to filter. For Gaussian noise, the algorithm uses the average value method to filter, reaching the better noise suppression effect, the concrete steps are as follows.
Noise detection. The algorithm uses 3x3 filtering window to detect noise. For each pixel in the image, if the pixel value is 0 or 255, it is judged as the salt & pepper noise point, while others are considered as Gaussian noise points. The judgment method is shown as in Eq.6. 2) Non-dimensional treatment. We use the average method in Eq.3 to perform non-dimensional treatment of comparison sequence and reference sequence.
3) Calculating the correlation coefficient. We use Eq.4 to calculate the correlation coefficient of each comparison sequence.
4) Calculating the weights. Using the normalization method to deal with each correlation coefficient, we get the result of w m as the weight of comparison sequence.
5) Weighting calculation. Each pixel value of non-salt & pepper noise in the filtering window and its corresponding weights are weighted, the result replacements the noise point value in center of filtering window, the method is shown in Eq.7. 
Verification experiment and the effect analysis
Selects standard gray image lena with 256x256 pixels as initial image to make experiments, we mix different density mixed noise in initial image each time, use traditional median filtering algorithm (MedianF), traditional mean filtering algorithm (MeanF), and proposed algorithm(NewF) to filter noise image respectively, the size of filtering window of every algorithm is 3x3. The results are shown in Fig.1 to Fig.3 , the PSNR of these algorithms are shown in table1. In Fig.1 , the initial image is mixed with Gauss noise of variance 0.01 (mean is 0) and salt & pepper noise of 10%. In Fig.2 , the initial image is mixed with Gauss noise of variance 0.06 (mean is 0) and salt & pepper noise of 40%. In Fig.3 , the initial image is mixed with Gauss noise of variance is 0.08 (mean is 0) and salt & pepper noise of 60%. It can be seen from the comparison images that the proposed algorithm (NewF) has the best filtering performance under various noise concentrations. With the increase of the mixed noise concentration, the performance of the other two filtering algorithms decreases obviously, and the proposed algorithm can still filter out Most noise, the image edge is clearer than others. It can be seen from Table 1 that the PSNR values of the proposed algorithm are significantly higher than those of the two conventional filtering algorithms at different density noise disturbances, and the PSNR value decreases slowly as the noise density increases.
Conclusions
In order to filter out the mixed noise, proposed a filter algorithm for suppressing mixed noise based on grey relevance. For salt & pepper noise, the algorithm uses gray correlation method to calculate the weighting coefficient and uses weighted results to replace the noise point pixel. For the Gaussian noise, the algorithm uses average value of non-salt & pepper noise in filtering window to replace the noise point pixel. Experiments show that the proposed algorithm has strong de-noising ability and image detail protection performance for different density mixed noise images, and the effect is obviously better than the traditional median filtering algorithm and the average filtering algorithm.
